Nutrient load from five sub-watersheds of the larger Río Grande de Añasco (RGA) in western Puerto Rico were estimated using a combination of hydrologic modeling and water sampling during base and storm flow events. Two of the sub-watersheds, Cercada and Cerro Gordo, were instrumented with autosamplers and flow meters. The remaining three sub-watersheds were primarily sampled at base flow. All samples were analyzed for total phosphorus (TP), dissolved phosphorus (DP) and total nitrogen (N) in the Soil and Water Laboratory of the Agricultural Experimental Station of the University of Puerto Rico in Río Piedras following standard methods and sample protocols approved by the USEPA. Annual nutrient yield for the five sub-watersheds ranged from 0.20 to 1.51 Kg ha -1 TP and from 0.37 to 7.12 Kg ha -1 N for forested watersheds to suburban watersheds, respectively. Ninety percent of TP is transported during storm events in agricultural and forest watersheds, while suburban watersheds show export up to 96% of TP in storm events. Nitrogen is mobilized 81 to 93% in the same agricultural-forest watersheds and 97 to 99% for suburban watersheds.
INTRODUCTION
Puerto Rico is in the process of formulating TMDLs for lakes and rivers listed as impaired waters (303 (d) list) by the USEPA and the local Puerto Rico Environmental Quality Board (PREQB). As part of this process, the Puerto Rico Water Resources Research Institute funded this study to 1) quantify seasonal and annual nutrient, sediment and bacterial concentrations, and loads during baseflow and storm events; 2) characterize landuse factors influencing nutrient load; and 3) assess the relative non-point source nutrient contribution to surface waters. This paper describes the hydrologic modeling and analysis used to quantify nutrient loading from homogeneous and diverse sub-watersheds within the larger Río Grande de Añasco river basin in Puerto STUDY AREA Río Grande de Añasco watershed (RGA) is located in western Puerto Rico and extends over seven of the 78 municipalities on the island (Figure 1 ). The main channel has a length of 74 km from elevation 1,204 m to the Caribbean Sea and drains an area of 52,278 ha. The watershed has diverse landuse from traditional agriculture (coffee, plantains, and citrus) and secondary forest in the mountains to sugarcane and pastures in the coastal valleys near the town of Añasco.
Soils in the mountain region are mostly sub-lateritic, red, acid soils with a silty clay profiles. Soils in the coastal valleys have developed from sediments of the upland soils. The coastal valley soils have varying textures, but are mostly fine to moderately fine and vary in drainage properties from well to poorly drained (USDA-SCS, 1975 
METHODOLOGY
The study was designed to collect runoff samples during base flow and extreme runoff events in five selected sub-watersheds of the larger RGA. These sub-watersheds were selected based on diversity of landuse between them and homogeneity of the landuse in each sub-watershed ( Figure 2) . Two of the five sub-watersheds, Cercada and Cerro Gordo, in the lower elevations of RGA were instrumented with automatic samplers (ISCO 3700) and flow meter (ISCO 4220, ISCO Corp., Lincoln, NE) to collect water samples during extreme runoff events.
Also, nutrient annual loads were estimated from the combination of grab samples and storm events monitored from January through December 2003 in these two sub-watersheds. Storm events were sampled using composite sampling in 9L Nalgene (Nalgene Corp. Rochester, NY) storage bottles. Fifteen (15) 600 ml sub-samples were taken in each monitored storm event. The autosampler began its sampling scheme once the river stage rose 6 inches above the reference water level. Samples were taken at regular time intervals during the rising and falling limbs of the runoff hydrograph. Sampling stopped once stage fell below the indicated threshold.
Within a 24-hr period, after each storm event, the composite bottle was brought to the laboratory for preparation and analysis within a 24-hr period. Samples were processed in the laboratory following approved standard methods and sample handling protocols (USEPA, 1999). Daily runoff synthetic hydrographs generated for 2003 were plotted along with instantaneous runoff measured during grab sampling and storm events dates to match the recorded event with the estimated flow. Most times good match was observed although some other times there was no agreement, this is explained because most times the grab sample was taken mostly during low to medium flow conditions usually at the descending limb of storm events hydrographs when students could enter the stream with minimum risk to life or equipment.
Rating Curves. Two sub-watersheds (Cercada and Cerro Gordo) were instrumented with automatic samplers and stage sensors.
Rating curves for the two sub-watersheds were required to use the stage data taken by the flow meter and convert that reading to flow. A rating curve was developed for the two gauged sub-watersheds Cercada and Cerro Gordo. The rating curve was developed with a single channel model of the river reach that contains the cross section with sampling instruments using the River Analysis System (HEC-RAS, 2002). Cross sections before and after the sampling station were taken with surveying equipment.
All topographic data were linked to a grid coordinate system for Puerto Rico (NAD 83, rev 1997). Simulated flow was coupled to the stage elevation recorded by the flow meter at the site to generate the rating curve for each of the two sub-watersheds.
Base flow determination. Cercada and Cerro Gordo watersheds as well as the other three subwatersheds studied in this project are ungauged, therefore there is no existing record to perform a lowflow frequency analysis, instead the gauged station USGS 50144000 on Río Grande de Añasco near San Sebastian was used to generate the low-flow frequency analysis for estimating the annual seven days minimum average flow (Riggs, 1972) . The low-flow for a recurrence of 25 years was established as the base flow 7Q 25 (Table 1) in this study.
Base flow was estimated for the five un-gauged sub-watersheds, Cercada, Cerro Gordo, Cerrote, Chamorro and Guabá by extrapolation using the ratio of drainage areas method (Gupta, 1989 ). Runoff flow is proportional to the drainage area and is expressed by equation 1
Where Q b is the extrapolated base flow for the un-gauged watershed with drainage area A b and Q x is the baseflow of the Río Grande de Añasco at San Sebastian with a drainage area A x . The following table shows the 7Q 25 base flow for the five sub-watersheds of this study.
The flow data was separated into baseflow and runoff flow using the Green and Haggard (2001) criteria: "Samples collected on days when baseflow was greater than or equal to 70 percent of total flow were considered to be baseflow samples. Surface-runoff samples were defined as samples collected on days that base flow was less than 70 percent of total flow (surface runoff was greater than 30 percent of total flow)".
Regardless of the sampling method; grab or storm events, all flows were classified as base flow or storm event flow. Grab samples were taken predominantly during low flow conditions, however, there were instances were flow was high and were classified as runoff events following the Green and Haggard rule discussed before in this section.
Estimation of mean daily volume.
Mean daily runoff for the five watersheds was calculated using 15-min precipitation records from the USGS 5014400 San Sebastian station fed into a HEC-HMS computer simulation model of the watersheds and other physiographic characteristics of the watersheds contained in GIS coverages (soil, topography and landuse). The NRCS-Curve Number (CN) method was used to estimate mean daily flow. Table 1 shows the set of parameters used in each sub-watershed in the HEC-HMS model. Estimation of Mean Daily Loads. Using grab samples and storm events a correlation between mean daily volume and mean daily load was developed for the species of nitrogen and phosphorous considered in this study. The observed plotted data were fit to a power function model and a polynomial model. In most cases, the power function of the form load (L) = aV x gave a better prediction of annual loads as a function of mean daily volume (V) for Cercada and Cerro Gordo for dissolved phosphorous (DP), total phosphorous (TP) and total nitrogen (TN), respectively. The power function model was selected to produce estimates of nutrient mean daily load as a function of mean daily runoff volume for each subwatershed. Figures 3, 4 and 5 show a graphical example of the mathematical relationships developed for each nutrient and suspended sediments. Annual load was calculated by integrating mean daily volume (V) times nutrient concentration (Ci) for the calendar year 2003. The total annual load estimates were separated into base flow and runoff loads ( Table 2) . As expected most of the nutrients move out of the catchment area into the observation point by storm events that occur less frequently in the watershed. Baseflow, although important, contribute only a minor fraction to the total nutrient yield in the five subwatersheds. The nutrient contribution during storm events for the subwatersheds Cerrote, Chamorro, and Guaba may be underestimated because the large events were not sampled.
CONCLUSIONS
TP, DP and N move in five homogeneous sub-watersheds of the larger Río Grande de Añasco river basin in western Puerto Rico transported mainly by few storm events during the 2003 calendar year. Over ninety percent of the annual TP loading moves during storm events in agricultural-forest sub-watersheds. Sub-urban ones can transport 96% of more of the annual TP load. Nitrogen transport is 81 to 93% in agricultural-forest watersheds and 97 to 99 percent for sub-urban ones, respectively.
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